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Objectives: To compare and evaluate the effect of cleaning solutions on surface morphology of saliva
contaminated lithium disilicate ceramic.

Methods: 30 lithium disilicate ceramic discs of IPS e.max were prepared. The substrate surfaces
were conditioned according to manufacturer’s instructions. Scanning electron microscope was used at
1000x and 25000x magnification for qualitative examination. Specimens were divided into 2 Groups
(n=15), Group I treated with Ivoclean, Group II treated with 30% Sodium Silicate. Following which
the specimens were contaminated with saliva and treated with cleaning solution. Specimens were
examined using Scanning electron microscope for qualitative examination.

Results and Interpretation: SEM image analysis showed that the surface appearance of the
specimens after saliva contamination and cleaning solutions was better with increased surface
irregularities in Group II treated with 30% Sodium silicate rather than Group I specimens treated with
Ivoclean solution. EDX representative images showed high levels of Si on the ceramic surface after
treating with cleaning solutions in Group II when compared to Group I. Deposition of a thin film of
silica facilitated an effective bond.

Conclusion: The surface appearance of lithium disilicate ceramic after saliva contamination and
treatment with cleaning solution of Ivoclean and 30% Sodium silicate was comparable but the surface
was more irregular and porous in Group II treated with sodium silicate suggestive of micromechanical
retention for enhanced bonding.

Copyright©2017, Mageshwari et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

analysis. Lithium disilicate is a well-known glass ceramic
categorized based on its chemical composition and application.

Ceramics has characteristics capable of representing the
natural structures present in a tooth and is indicated in a
majority of restorative treatments. Dental ceramic restorations
are extensively used, because they are durable, esthetically
appealing, and provide excellent biocompatibility. This
preference is directly related to the success of ceramic resin
bond that contributes to the restoration longevity. (Renato
AbdallaPrata et al., 2011) Today, the next generation of
lithium disilicates (IPS e.max Press, IPS e.max CAD, Ivoclar
Vivadent AG, Schaan, Liechtenstein) has multiple
translucencies and opacities and utilizes full press or milling
fabrication techniques provided a monoblock approach to final
restorations that can then be surface stained and glazed. These
monolithic restorations were roughly five times stronger than
traditional feldspathic porcelains. The greatest advantage of
this material is extremely low fracture rates based on research
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The IPS e.max lithium disilicate, in particular, is composed of
quartz, lithium dioxide, phosphor oxide, alumina, potassium
oxide, and other components. This composition created a
thermal shock resistant glass ceramic because of the low
thermal expansion that occurred during processing.
Restorations were fabricated from this type of resistant glass
ceramic with either lost-wax hot pressing techniques or
modern CAD/CAD milling procedures. (Robert G. Ritter,
2010) A peculiar characteristic of reinforced ceramic by li-
thium disilicate, is the quality to be acid sensitive, in other
words, it suffers morphological changes in front of acid
treatment with hydrofluoric acid in different concentrations.
This phenomenon occurs due to the micro-structural
characteristics of the material. The main crystalline phase
consists of elongated lithium disilicate crystals. The second
crystalline phase consists of lithium orthophosphate. A glass
matrix surrounds both crystalline phases. (Hugo-Alberto
Vidotti et al., 2013) The success of ceramic restorations
required the achievement of adequate adhesion between the
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ceramic and tooth substrate. The selection of an appropriate
adhesive system played a crucial role in the achievement of
clinical success. It is recommended that lithium disilicate are
pretreated with hydrofluoric acid and silane coupling agents in
order to improve bonding performance. (Fumi Yoshida et al.,
2015)

Saliva contamination is one of the main reasons for decreased
bond strength of restorations to tooth substrate. However, it
was almost impossible to avoid during the try-in procedure.
Therefore, attempts were made to eliminate any inorganic or
organic contaminants prior to adhesive cementation. (Yousef E.
Aboush, 1998; Yang et al., 2008; KarstenKlosa et al., 2009)
Previously, many cleaning methods were tested. In 1988,
Nicholls et al., studied glass ceramic surface contamination
with saliva. Phosphoric acid and acetone was used as surface
cleaning method and compared. Cleaning with phosphoric acid
showed higher bond strength than cleaning with acetone after
porcelain restoration was contaminated by saliva. In 1998,
Aboush recommended cleaning porcelain surface with
phosphoric acid after porcelain surface was contaminated by
saliva. In 2009, Klosa et al. showed that 5% hydrofluoric acid
provided higher bond strengths than the other methods when it
was used to clean saliva contaminated lithium disilicate
ceramic. Several cleaning solutions has been used for cleaning
restorative surfaces such as water, alcohol, acetone,
hydrofluoric acid and phosphoric acid. The composition of the
cleaning agent should not cause any damages to the restoration
surface and provide adhesive securing of dental restorative
materials. In addition, it should be applied simply, washed off
easily, and it shouldn’t have any negative effects on the fit of
restoration. Millstein ez al., suggested that alkaline cleaning
agent was suitable for optimizing the adhesive bond. Sodium
silicate, a compound that was commonly used as cleaning agent
with medium alkalinity of pH 11-12.5 exhibited good
detergency and saponification. (Jitti Doungsri and Mansuang
Arksornnukit, 2013) Recently "Ivoclean" (Ivoclar Vivadent,
Leischtenstein) has been introduced as non-abrasive cleaning
agent that cleans contaminated universal restoration surfaces
without damaging the bonding surface of restoration and
providing good bond strength. However, there was no adequate
supportive research. (Akin Aladag et al., 2014; Ryo Ishii et al.,
2015; Barbara Lapinska et al., 2015) Literature investigations
indicated that not many studies have been done on the surface
morphology of saliva contaminated lithium disilicate
specimens treated with different cleaning solutions. The
objective of this study was to compare and evaluate the
influence of 15% Zirconium oxide (Ivoclean) and 30% sodium
silicate solutions on the surface characterization of lithium
disilicate before and after saliva contamination.

MATERIALS AND METHODS

Specimen preparation

Thirty specimens were prepared from lithium disilicate
ceramics (IPS e.max press; Ivoclar Vivadent AG, Schaan,
Liechtenstein) by using lost wax hot pressing technique. They
were fabricated in disc shape (diameter: 10 mm, thickness: 3
mm). All of them were wet-polished with 600 grit silicon
carbide paper. The specimen surface was conditioned
according to the manufacturer’s instructions as follows.
Lithium disilicate ceramics were cleaned for 10 minutes in
distilled water with ultrasonic cleaner (Sidilu Ultrasonics) then
were brought into contact with 5% hydrofluoric acid (IPS

Ceramic Etching gel; Ivoclar Vivadent AG, Schaan,
Liechtenstein) for 20 seconds, rinsed for 15 seconds with
distilled water, air dried and stored in a sterile container. The
specimens were observed under scanning electron microscope
at lk (fig la) and 25k (fig 1b) magnification for surface
morphology and EDX (fig 1¢) obtained for each specimen.

Saliva contamination

Saliva was collected from a healthy person who was refrained
from eating and drinking one and half hours prior to the
collection procedure. The volunteer was asked to rinse the
mouth with 15ml of distilled water to wash out exfoliated cells.
Volunteer was asked to sit in an upright position with the head
slightly inclined forward so that saliva was collected in the
floor of the mouth. Saliva samples were collected from one
volunteer after inducing salivation by chewing a piece of
paraffin wax and asking the volunteer to spit into a sterile
container. For saliva contamination, the specimens were
immersed in saliva for one minute. The contaminated
specimens were rinsed with deionized water for 15 seconds
and air dried for 15 seconds.

Cleaning methods

After contamination 30 specimens were designated into 2
groups (n=15) according to different techniques. The
specimens were cleaned and tested according to the cleaning
methods.

Ivoclean: applied the cleaning paste (Ivoclean; Ivoclar
Vivadent AG, Schaan, Liechtenstein) for 20 seconds then
rinsed with deionized water for 15 seconds and air dried for 15
seconds (Manufacturer’s instruction).

30% Sodium silicate solution: applied the cleaning solution
for 20 seconds then rinsed with deionized water for 15 seconds
and air dried for 15 seconds.

SEM Analysis

In order to perform a qualitative micro morphologic
examination of ceramic surfaces, all specimens were adhered
to the metallic stub by using double sided adhesive carbon
tapes and numbered for easy recognition of the sample during
SEM examination. As the samples were non conductive in
nature for SEM analysis, they were sputter-coated with gold by
using gold sputtering unit for 20 sec. The coated samples were
then pumped into the Scanning electron microscope. Each
sample was examined at 1k (fig 2a,2b) and 25k (fig 3a,3b)
magnifications at 5kv and the images obtained were stored.
EDX (fig 4a,4b) was obtained for each sample and the data
was collected.

Statistical analysis

Student unpaired t-test was used to compare mean wt% and
at% of Si, K, O between group land group 2. Student paired t-
test was used to compare mean wt% and at% of Si, K, O
among group 1 and group 2, before and after saliva
contamination and cleaning solution.

RESULTS

SEM Analysis: Analysis of the ceramic surface treatments by
scanning electron microscopy (SEM) provided valuable
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information concerning the resulting topography. SEM
photographs of ceramic surface before treatment with a
magnification of 1000x of all ceramic surfaces treated with HF
showed a smooth surface (fig 1a) and at 25000x magnification
(fig 1b) it showed more irregular and porous surface. After
saliva contamination and treating with cleaning solution
Ivoclean in group I showed a smooth surface under a
magnification of 1000x and crater like irregulaties with
multiple pits and clogging of the pores formed by the
crystalline phase under magnification of 25000x, whereas in
group 2 treated with 30% sodium silicate the surface
topography remained unchanged similar to specimen treated
before contamination.

Energy Dispersive X-ray Spectroscopy (EDX)

The mean weight and atomic percentage are shown in table
LILIIT and IV. The high resolutions scans identified decreased
deposition of Silica, Potassium and increased Oxygen on the
clean lithium disilicate disks. Deposition of a thin film of silica
facilitated bonding because of the chemical affinity between
the thin film of silica and organoresinous components of luting
cements. After contamination with saliva and cleaning with
Ivoclean cleaning solution in Group I and 30% sodium silicate
cleaning solution in Group II showed increased Silica
deposition in Group II, suggesting for improved bonding with
luting cement .

Graph interpretation
Graph 1

The mean weight % of silica, potassium and oxygen was not
significantly different among group 1 and group 2 before
treating with cleaning solution. The mean wt % of silica in
group 1 was 37.86+ 2.01 and 37.48 +1.90 in group 2 and there
was no statistically significant difference (p=0.61), similarly
the mean wt % of potassium in group 1 was 2.78 £ 0.97 and
group 2 was 2.54 £0.38 and it was not significantly different
(p=0.38). There was no significant difference in mean wt % of
oxygen between group 1 (59.33 +2.51) and group 2 (59.98
+2.00), (p=0.44).

Graph 2

There was significant difference in mean wt % of silica and
oxygen between group 1 and group 2 after treating with
cleaning solution whereas there was no significant difference
in mean wt % of potassium between group 1 and 2. The mean
wt % of silica in group 1 (40.06+ 0.71) was significantly
lower from group 2 (43.29 £0.67) (p<0.001), similarly the
mean wt % of oxygen in group 1 was 48.98 + 0.44 was lower
compared to group 2 (50.83+0.43) and it was significantly
significant (p=0.001), whereas there was no significant
difference in mean wt % of potassium between group 1 (3.45
+0.64) and group 2 ( 3.83 +0.89), (p=0.19).

Graph 3

The mean atomic % of silica, potassium and oxygen was not
significantly different among group 1 and group 2 before
treating with cleaning solution. The mean atomic % of silica in
group 1 was 26.30+ 1.73 and 25.94 +1.58 in group 2 and there
was no statistically significant difference (p=0.56), similarly
the mean atomic % of potassium in group 1 was 1.39 + 0.50

and group 2 was 1.26 £0.20 and it was not significantly
different (p=0.37). There was no significant difference in mean
atomic % of oxygen between group 1 (72.31 £1.99) and group
2 (72.80 £1.64), (p=0.47).

Graph 4

There was significant difference in mean atomic % of silica
between group 1 and group 2 after treating with cleaning
solution whereas there was no significant difference in mean
wt % of potassium and oxygen between group 1 and 2. The
mean atomic % of silica in group 1 (30.62+ 0.30) was
significantly lower from group 2 (31.43 +£0.40) (p<0.001),
whereas there was no significant difference in mean wt % of
potassium between group 1 (1.90 £0.35) and group 2 ( 2.00
+0.47), (p=0.52). Similarly the mean atomic % of oxygen in
group 1 was 61.57 + 16.02 and group 2 was 64.76 +£0.40 and it
was not significantly different (p=0.45).

Graph 5

There was significant difference in mean wt % of silica,
potassium and oxygen before and after treating with cleaning
solution in group 1. The mean wt % of silica was significantly
lower before using cleaning solution (37.86 + 2.01) when
compared to after using cleaning solution (40.06 = 0.71)
p=0.001, similarly the mean wt % of potassium (2.78 £+ 0.97)
and oxygen (59.33 + 2.51) was significantly lower before
treating with cleaning solution when compared to after
treatment with cleaning solution (3.45 + 0.64) and (48.98
+0.44), p=0.001 respectively.

Graph 6

There was significant difference in mean atomic % of silica,
potassium and oxygen before and after treating with cleaning
solution in group 1. The mean atomic % of silica was
significantly lower before using cleaning solution (26.30 =+
1.73) when compared to after using cleaning solution
(30.62+0.30) p=0.001, similarly the mean atomic % of
potassium (1.39+ 0.97) was significantly lower before treating
with cleaning solution when compared to after treatment with
cleaning solution (1.90 + 0.35) whereas the mean atomic % of
oxygen was significantly higher before treating with cleaning
solution (72.31 + 1.99) when compared to after treatment
(61.57+16.02) p=0.02.

Graph 7

There was significant difference in mean wt % of silica,
potassium and oxygen before and after treating with cleaning
solution in group 2. The mean wt % of silica was significantly
lower before using cleaning solution (37.48 + 1.90) when
compared to after using cleaning solution (43.29+0.67)
p=0.001, similarly the mean wt % of potassium (2.54+ 0.38)
was significantly lower before treating with cleaning solution
when compared to after treatment with cleaning solution (3.83
+ 0.89) p=0.001, whereas the mean atomic % of oxygen was
significantly higher before treating with cleaning solution
(59.98 + 2.00) when compared to after treatment (50.83%0.46)
p=10.001.

Graph 8

There was significant difference in mean atomic % of silica,
potassium and oxygen before and after treating with cleaning
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solution in group 2. The mean atomic % of silica was  cleaning solution when compared to after treatment with
significantly higher before using cleaning solution (25.94 +  cleaning solution (64.76 + 0.40), p=0.001, whereas the mean
1.58) when compared to after using cleaning solution  atomic % of potassium was significantly lower before treating
(31.43+0.40) p=0.001, similarly the mean atomic % of oxygen = with cleaning solution (1.26 + 0.20) when compared to after
(72.80+ 1.64) was significantly higher before treating with treatment (2.00+£0.47) p= 0.001.

EHT = 3.00 kv Signal A = SE2 Date 28 Jun 2016 . 3 Signal A = SE2 Date :29 Jun 2016
WD = 10.3 mm Mag= 100KX Time :12:50:28 Mag= 2500 KX Time :10:37:34

Figure 1. Specimen Before Contamination (A) Under 1k Magnification (B) Under 25k Magnification

Spectrum processing :
Peak possibly omitted : 1.020 keV

4
Spectrum 1

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :

O SiO2 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM
K MAD-10 Feldspar 1-Jun-1999 12:00 AM r T0pm 1 Electron Image 1

Figure 1 (C). EDX before contamination

Element Weight% Atomic%

oK 62.28 74.60

SiK 35.98 24.55

KK 1.74 0.85

Totals 100.00 2 4 6 g 10 12 14 16 18
Full Scale 1055 ots Cursor: 7071 (3 cts) ke
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Signal A= SE2 Date :21 Jul 2016
Mag= 2500 KX Time :16:46:34

EHT = 5.00 kv Signal A = SE2 Date :21 Jul 2016
WD= 8.1mm Mag= 1.00KX Time :16:37:15

Figure 2A. Group i specimen at 1k magnification after treating Figure 3A. Group I specimen at 25k magnification
with ivoclean after treating with ivoclean

s - =y | it 6 [
EHT = 5.00 kv Signal A = SE2 Date :21 Jul 2018 ZEISS
: WD =10.2 mm Mag= 2500 KX Time :15:16:14
10 pm’ EHT = 5.00kV Signal A = SEZ Date 21 Jul 2016 ZEISS
WD = 10.0 mm Mag= 1.00 KX Time :15:21:13
TR, Figure 3B. Group ii specimen at 25k magnification after treating

with 30% sodium silicate
Figure 2B. Group ii specimen at 1k magnification after treating

with 30% sodium silicate

Spectrum processing :
Peak possibly omitted : 1.253 keV
Processing option : Oxygen by stoichiometry (Normalised)

Number of iterations =3

Standard :
um Eleckonimage 1

Si Si02 1-Jun-1999 12:00 AM

K MAD-10 Feldspar 1-lun-1999 12:00 AM

Zr Zr 1-Jun-199912:00 AM
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Element Weight% Atomic% Compd% Formula

SiK 38.99 30.10 83.42 Si02
KK 4.86 2.69 5.85 K20
ZrlL 7.94 1.89 10.73 Zro2
0 48.21 65.32
Totals 100.00
Full Scale 1376 cts Cursor. 2712 (5cts) keV|

Figure 4A. EDX-after contamination with saliva and ivoclean cleaning solution for group i
Spectrum processing :
No peaks omitted
Processing option : Oxygen by stoichiometry (Normalised)

Number of iterations =2

Standard :

Na Albite 1-Jun-199912:00 AM

Si Si02 1-Jun-1999 12:00 AM

40pm

Electron Image 1

K MAD-10 Feldspar 1-Tun-1999 12:00 AM

Element | Weight Atomic Compd Formula

% % %
NaK 2.11 1.88 2.84 Na20
SiK 4270 31,13 91.34 Si02
KK 483 2.53 5.82 K20
0] 5037 64.46 ) . 8

ull Scale 1094 cts Cursor. 6418 (3 cls) ke'|

Totals 100.00

Figure 4B. EDX-after contamination with saliva and 30% sodium silicate cleaning solution for group ii

Table I. Comparison of mean Weight % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 1 using student paired t test

Parameter Group N  Mean SD Mean Diff T P-value

Si_Wt % Before 15 37.86 2.0l -2.20 -3.985 0.001*
After 15  40.06 0.71

K_Wt % Before 15 2.78 0.97 -0.68 -3.129  0.007*
After 15 345 0.64

O_Wt% Before 15 5933 251 10.35 16.030  <0.001*

After 15 4898 0.44
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Table II. Comparison of mean Atomic % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 1 using student paired t test

Parameter  Group N Mean SD Mean Diff T P-value

Si_At % Before 15 2630 1.73 -4.32 -9.349  <0.001*
After 15 30.62 030

K At% Before 15 1.39 0.50 -0.51 -4.513  <0.001*
After 15 1.90 0.35

O At% Before 15 72.31 1.99 10.74 2.583 0.02*

After 15 61.57 16.02

Group 2 using student paired t test

Parameter  Group N  Mean SD Mean Diff T P-value

Si Wt%  Before 15 3748 190 -5.81 -12.106  <0.001*
After 15 4329 0.67

K Wt % Before 15 254 038 -1.30 -4.260 0.001*
After 15 383 0.89

O Wt % Before 15 5998 2.00 9.15 15.810 <0.001*

After 15 50.83 0.46

Table IV. Comparison of mean Atomic % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 2 using student paired t test

Parameter Group N  Mean SD Mean Diff T P-value

Si_ At % Before 15 2594  1.58 -5.49 -13.579  <0.001*
After 15 3143 040

K At% Before 15 1.26 0.20 -0.74 -4.602  <0.001*
After 15 2.00 0.47

O At% Before 15 72.80 1.64 8.04 17.609  <0.001*

After 15 6476 0.40

Table 1. Comparison of mean Weight % of Silica, Potassium and Oxygen before treating with the cleaning solution using student
unpaired t test

Parameter Group N Mean SD Mean Diff T P-value

Si_before_ Wt% Group 1 15 37.86 2.01 0.37 0.522 0.61
Group 2 15 37.48 1.90

K_Before Wt% Group 1 15 2.78 0.97 0.24 0.9 0.38
Group 2 15 2.54 0.38

O_before Wt% Group 1 15 59.33 2.51 -0.66 -0.791 0.44
Group 2 15 59.98 2.00

Graph 1

Comparison of mean Weight % of Silica, Potassium and
Oxygen before treating with the cleaning solution

59.98

59.33

60.00 - H Group 1

B Group 2
50.00 -

q000 | 378037.48

30.00 -~

Mean Wt %

20.00 -~

10.00 A
2.78 2.54

0.00 T T T
Si_before_ Wt%  K_before_Wt% O_before_Wt%
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Table 2. Comparison of mean Weight % of Silica, Potassium and Oxygen After treating with the cleaning solution using student

unpaired t test

Parameter Group N Mean SD Mean Diff t P-value

Si_After Wt% Group 1 15 40.06 0.71 -3.24 -12.867 <0.001*
Group 2 15 43.29 0.67

K_After Wt% Group 1 15 345 0.64 -0.38 -1.332 0.19
Group 2 15 3.83 0.89

O_After Wt% Group 1 15 48.98 0.44 -1.86 -11.268 <0.001*
Group 2 15 50.83 0.46

Graph 2

Mean Atomic %

Comparison of mean Atomic % of Silica, Potassium
and Oxygen before treating with the cleaning

solution
H Group 1

80.00 - 72.3172.80 m Group 2

70.00 -
60.00 -
50.00 -
40.00 1 26.30

30,00 - 25.94
20.00 -
10.00 -
0.00 -

1.391.26

Table 3. Comparison of mean Atomic % of Silica, Potassium and Oxygen before treating with the cleaning solution using student

unpaired t test

Parameter Group N Mean SD Mean Diff t P-value

Si_before At% Group 1 15 26.30 1.73 0.36 0.597 0.56
Group 2 15 25.94 1.58

K Before At% Group 1 15 1.39 0.50 0.13 0918 0.37
Group 2 15 1.26 0.20

O_before At% Group 1 15 72.31 1.99 -0.49 -0.736 0.47
Group 2 15 72.80 1.64

Graph 3

Mean Atomic %

Comparison of mean Atomic % of Silica, Potassium

and Oxygen before treating with the cleaning solution

80.00
70.00
60.00
50.00
40.00

30.00 A

20.00
10.00
0.00

H Group 1

B Group 2

26.30 25,94

1.391.26

Si_before_At% K_before_At% O_before_At%
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Table 4. Comparison of mean Atomic % of Silica, Potassium and Oxygen After treating with the cleaning solution using student
unpaired t test

Parameter Group N Mean SD Mean Diff T P-value
Si_After At%  Group 1 15 30.62 030 -0.81 -6.215 <0.001*
Group 2 15 3143 0.40
K_After At%  Group 1 15 1.90 035 -0.10 -0.656 052
Group 2 15 2.00 0.47
O_After At%  Group 1 15 61.57 16.02 3.18 -0.769 045
Group 2 15 64.76 0.40
Graph 4
Comparison of mean Atomic % of Silica, Potassium
and Oxygen After treating with the cleaning solution
70.00 - 64.76 B Group 1
61,57 B Group 2
60.00 -
50.00 -
X
o 40.00 -
€ 30.6231.43
2 3000 -
[ =
© 20.00 -
S
10.00 - 1.90 2.00
0.00 -
Si_after_At% K_after_At% O_after_At%

Table 5. Comparison of mean Weight % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 1 using student paired t test

Parameter Group N Mean SD Mean Diff T P-value
Si_Wt % Before 15 37.86 201 -2.20 -3.985 0.001*
After 15 40.06 0.71
K_Wt % Before 15 278 0.97 -0.68 3.129 0.007*
After 15 3.45 0.64
0_Wt% Before 15 5933 251 1035 16.030 <0.001*
After 15 4898 0.4
Graph 5
Comparison of mean Weight % of Silica, Potassium
and Oxygen before and after treating with the
cleaning solution in Group 1
H Before
59.33
60.00 | After
50.00
R 20.00
s
£ 30.00
[}
2 20.00
10.00
0.00
Si_ Wit% K__ Wt% 0_ Wit%
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Table 6. Comparison of mean Atomic % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 1 using student paired t test

Parameter Group N Mean SD Mean Diff T P-value
Si_ At % Before 15 26.30 1.73 -4.32 -9.349 <0.001*
After 15 30.62 0.30
K At % Before 15 1.39 0.50 -0.51 -4.513 <0.001*
After 15 1.90 0.35
O At% Before 15 72.31 1.99 10.74 2.583 0.02*
After 15 61.57 16.02
Graph 6

Comparison of mean Atomic % of Silica, Potassium
and Oxygen before and after treating with the cleaning
solution in Group 1
M Before

70.00 -
60.00 -
50.00 -
40.00 -
30.00 A
20.00 -

Mean Atomic %

10.00 - 1.39 1.90
0.00 -

Si_ Wt% K_ Wit% 0_ Wt%

Table 7. Comparison of mean Weight % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 2 using student paired t test

Parameter Group N Mean SD Mean Diff T P-value
Si_Wt % Before 15 3748 1.90 -5.81 -12.106 <0.001*
After 15 4329 0.67
K_Wt % Before 15 2.54 0.38 -1.30 -4.260 0.001*
After 15 3.83 0.89
0_Wt% Before 15 59.98 2.00 9.15 15.810 <0.001*
After 15 50.83 0.46
Graph 7
Comparison of mean Weight % of Silica, Potassium
and Oxygen before and after treating with the
cleaning solution in Group 2
H Before
60.00 >9.98 W After
50.00
*
S 40.00
=
£ 30.00
[T}
= 20.00
10.00
0.00
Si_ Wt% K__ Wt% 0_ Wit%
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Table 8. Comparison of mean Atomic % of Silica, Potassium and Oxygen before and after treating with the cleaning solution in
Group 2 using student paired t test

Parameter Group N Mean SD Mean Diff T P-value
Si_At% Before 15 2594 1.58 -5.49 -13.579 <0.001*
After 15 31.43 0.40
K_At % Before 15 1.26 0.20 -0.74 -4.602 <0.001*
After 15 2.00 0.47
O_At% Before 15 72.80 1.64 8.04 17.609 <0.001*
After 15 64.76 0.40
Graph 8
Comparison of mean Atomic % of Silica, Potassium and
Oxygen before and after treating with the cleaning
solution in Group 2
M Before
80.00 - 72.80 m After
70.00
60.00
X
L2 50.00
£
2 4000
<
S 30.00
(7]
2 20.00
10.00
0.00
Si_ At% K__At% 0__At%
DISCUSSION roughness by dissolving crystalline phase and increasing

Cleanliness of the bonding surfaces had an influence on the
success of the durable bond strength. Therefore, removal of the
saliva contaminants that occurred during the try in procedures
from ceramic inner surfaces before adhesion played an
important role in the longevity of the restorations. (Akin
Aladag et al., 2014) Effective bonding required physical and
chemical alterations of the ceramic surface to obtain
satisfactory levels of wettability of the adhesive agent.
(Aljomar JoseVechiatoFilho et al., 2014) In this study, surface
treatment of lithium disilicate ceramic was performed by
making contact with 5% hydrofluoric acid for 20 seconds. As
HF offers hazardous effects to health, the ceramic specimens
were etched in a laboratory cupboard under ventilation,
wearing acid resistant gloves, coat cover with plastic apron and
face shield. The etching gel was rinsed in a polyethylene cup
for 30 seconds and the diluted solution was neutralized using
the neutralizing powder calcium carbonate (CaCOs and
sodium carbonate (Na,COs) for 5 min. (Lucas Villa Zogheib et
al., 2011) Hydrofluoric acid reacted with glass matrix of
lithium disilicate ceramic. This glass matrix was selectively
removed and the crystalline structure was exposed. As a result,
the surface of ceramic was roughened. The roughness of
ceramic surface increased surface energy which increased the
opportunity of contamination and the difficulty of removing
contamination. (Jitti Doungsri and Mansuang Arksornnukit,
2013) SEM images of the specimens treated with HF solution
showed a smooth surface under a magnification of 1k and 25k
(fig 1a, 1b) In the present study, HF etching increased ceramic

micro-mechanical retention in all experimental specimens,
within the etching time recommended by the manufacturer.

Saliva contamination could be cleaned with several regimens;
however, limited literature has been found about the most
effective method to remove the remnants from the inner surface
of the various types of ceramics. The universal paste used in
this study is an alkaline suspension of zirconium dioxide and
sodium hydroxide particles in water, and it has been reported to
absorb the phosphate contaminants in the media, leaving a
clean surface. Ivoclean undergoes a equilibrium reaction, in
which formation of bond to large amount of one reactant is
more probable than to any other reactant that is less frequent.
Due to the size and concentration of the particles in the
medium, phosphate contaminants are much more likely to bond
to them than to the surface of the ceramic restoration. Ivoclean
absorbed the phosphate contaminants like a sponge and
clogged the pores formed by crystalline phase. It was effective
to decontaminate protein and oil substance. A study by Jitti
Dounsgiri (2013) proved that Ivoclean cleaned saliva
contaminated lithium disilicate ceramic, had shear bond
strength higher than specimens treated only with water and
Hydroflouric acid. Although, it had low shear bond strength
than sodium silicate solution cleaning, it was not statistically
significant difference. It might be claimed that Ivoclean was
effective in removing saliva contamination. Ivoclean’s
composition was used in particular to remove saliva
contamination, such as phosphorus-containing saliva proteins.
(JittiDoungsri and MansuangArksornnukit, 2013)
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disilicate ceramic using scanning electron microscope. An in-vitro study

Sodium silicate solution was chosen as a possible alternative
method because it was an alkaline cleaning agent. This study
used 30% sodium silicate solution because the cleaning
composition according to the invention with liquid carrier
medium was most preferably around 70-90 wt%, relative to the
total weight of composition. (Jitti Doungsri and Mansuang
Arksornnukit, 2013) Sodium silicate solution cleaning showed
the unaltered surface after saliva contamination of lithium
disilicate ceramic, when compared to significant changes seen
on Ivoclean treated lithium disilicate ceramic using SEM.
Therefore, sodium silicate was found to be effective
decontaminated saliva from lithium disilicate ceramic. After
saliva contamination and treating with cleaning solution in
Group I treated with Ivoclean, SEM images showed a smooth
surface under magnification of 1000x and clogging of the
porous crystalline phase under magnification of 25000x as
shown in (fig 2A, 3A), whereas in Group 2 treated with 30%
Sodium Silicate solution the surface topography remained
unchanged similar to specimen treated before contamination as
shown in (fig 2B,3B). The present study confirmed that
differences in surface pattern after contamination and using
cleaning solutions affected the retention of high strength core
ceramics. (AlessioCasucci et al., 2011) In particular, 30%
Sodium Silicate resulted in significantly highly irregular
surface. It has also been demonstrated through EDX analysis
that saliva contamination and cleaning solution increased the
Silica levels in Group II specimens, leading to an alteration in
the composition of the surface.

EDX representative images showed high levels of Silica on the
ceramic surface after treating with cleaning solutions.
Hydrophilicity of the substrate material should be improved to
reach surfaces with a higher bonding capacity. Silica molecules
deposited on the ceramic surface might facilitate bonding
because of the chemical affinity between the thin film of silica
and the organoresinous components of the luting resins.
(Aljomar JoseVechiatoFilho et al., 2014) Lithium disilicate is
an acid sensitive material. The acid treatment with 5% HF,
saliva contamination and treatment with cleaning solutions
caused morphological changes in the surface, as observed in
(fig 2B,3B) and is responsible for the improvement of the
micro-mechanical retention of the materials such as resinous
cements. (Hugo-Alberto Vidotti ef al., 2013) This study
evaluated the influence of cleaning solution after saliva
contamination on the surface appearance of lithium disilicate
ceramic, with a significant change in the appearance of the
surface between Group I and Group II, and no significant
difference was found in the EDX analyzed by SEM. Further in-
vitro and in-vivo studies should be performed to evaluate the
effectiveness of the tested surface treatments in combination
with resin luting agents for cyclic load of bonded ceramic
restorations.

Conclusion
Within the limitations of the present study and on the basis of
the findings of this study and its statistical analysis, the

following conclusions can be drawn.

surface
after

1. The effect of cleaning solution on the
appearance of lithium disilicate ceramic
contamination with saliva was variable.

2. 30% sodium silicate solution was found to be more
effective in decontaminating the saliva contaminated
lithium disilicate ceramic than Ivoclean.

3. Deposition of thin film of silica on the saliva
contaminated lithium disilicate ceramic facilitated
bonding.

4. 30% Sodium silicate solution was the most effective
decontaminant.
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